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Unlocking the Secrets of Larkspur 
John D. Olsen 
Larkspur (Delphinium sp.) is a 
major cause of cattle deaths in-
duced by poisonous plants on 
mountain ranges of the western 
United States. A 20-year sum-
mary of cattle deaths attributed 
to tall larkspur poisoning on the 
Manti Canyon allotment in 
central Utah reported yearly 
losses varying from 1.5 to 12.3 
percent (13 to 103 head) be-
tween 1956 and 1970. 
Classic research on larkspur/ 
livestock interactions was done 
at Mount Carbon, Colorado, by 
USDA scientists in the early 
1900s. Since then, other in-
vestigators have sought to define 
both lethal dosages and relative 
effects on cattle and sheep. 
Their work has demonstrated 
that the toxic dose of larkspur 
depends upon variables such as 
animal species, individual animal 
susceptibility, growth stage of 
the plant, amount ingested, and 
the time over which ingestion 
occurs. It was also proved that 
sheep tolerate a higher dose of 
larkspur than can cattle. But the 
suggested 6-times difference was 
poorly documented. 
Extracts from larkspur have 
been used (with varying degrees 
of success) to poison animals 
under laboratory conditions. The 
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Photo by John D. Olsen 
Figure 1. Tall larkspur in the Manti National Forest. 
materials have included chloro-
form and benzole (benzene) ex-
tracts of dried leaves, alcohol and 
water extracts of roots, and fresh 
plant material. Still, some ques-
tions remained unanswered. 
We therefore decided to com-
pare the toxicity of larkspur for 
cattle and sheep and to quantify 
the median lethal dose (LDs 0)' 
We used both ground plant 
material and an extract from 
ground plants. 
Materials and Methods 
A bove-ground portions of 
larkspur plants (D. barbeyi) were 
collected in central Utah on 
August 4, 1975. The stage of 
growth varied from no con-
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spicuous flower buds to well-
formed buds and occasionally 
flowers. All the material was 
air-dried, ground, thoroughly 
mixed, and stored in sealed 
plastic bags at 5 C until used. 
Starting with an ethanol (95 
percent) extraction procedure *, 
we eventually had a saline ex-
tract. Each ml of this extract 
represented 1 g of original plant 
material and contained all the 
alkaloidal material except for 
what was lost. during purifica-
tion. The toxicity of the extract 
could therefore be expressed in 
terms of the equivalent amount 
of dried plant or total alkaloid 
content. 
Total alkaloid contents of 
entire , well-mixed, larkspur 
plants and of the pooled saline 
extract were determined to a 
precision estimated to be + 0.1 
percent. 
The objective was to de~elop a 
quick, reliable method for ex-
tracting equal, relative amounts 
of alkaloids from each sample. 
Animals 
The cattle used were Hereford 
heifers about 8 to 10 months of 
age that had been maintained on 
an alfalfa diet for at least 50 days 
prior to the experiment. Feed 
(2.3 kg of alfalfa pellets twice 
daily with trace-mineralized 
block salt and water ad libitum) 
was withheld for 18 hours before 
the animals were weighed. 
The sheep, crossbred white-
faced yearling ewes, were on an 
alfalfa diet for at least 4 months 
before the experiment. The 
sheep were shorn 7 days before 
treatment and body weight was 
measured after feed had been 
withheld for 18 hours. 
Sheep were penned and given 
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Photo by John D. Olsen 
Figure 2. Death losses occur most often when the plant is eaten in 
the bud or early Dower stage of growth; however, death 
may also occur when seeds are present as illustrated above. 
454 g of alfalfa pellets twice 
daily, with water and trace-
mineral block salt ad libitum. 
A small part (about 6 cm in 
diameter) of the rumen compart-
men t 0 f each animal was 
surgically brought superficially 
through its body wall several 
weeks before each experiment. 
This provided a point of access 
for giving the larkspur or extract. 
Weighed, dry plant materials 
were rehydrated to 80 percent 
water content before being put 
through a small incision, directly 
into the rumen compartment. 
The extract was given via a 
12-gauge hypodermic needle in-
serted directly into the rumen 
compartment. 
Total dosages of either plant 
material or extract were given 
within 30 minutes (Table I). Each 
animal was then returned to its 
pen for observation. The median 
lethal dose (LDs 0 ) was cal-
culated on the basis of mort.ality 
ra te 48 hours after dosing. 
Results 
The clinical signs of larkspur 
poisoning, whether produced 
by ground plant or extract, 
were similar in sheep and cattle, 
with only minor exceptions. The 
symptoms and their patterns of 
progression are detailed in The 
Journal of the American Veter-
inary Medical AssoC£ation (In 
Press). 
The LDs 0 values for plant and 
extract were 4 times as great for 
sheep as for cattle. The LDs 0 for 
the extract was approximately 
1.8 times that of the plant 
material in both sheep and cattle. 
The difference in toxicity be-
tween plant and extract was re-
lated to their levels of total 
alkaloids (Table 1). 
The cattle died more quickly 
than did the sheep when given 
similar toxic materials and rela-
tive doses. At the highest dose 
levels of plant material, all the 
cattle died within 3 to 4 hours, 
while the sheep deaths occurred 
after 10 to 47 hours. With the 
highest dose of extract, three 
·see American Journal of Veterlrnzry R e. 
search 38:277. February 1977. for details. 
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cattle died between 1.5 and 6.5 
hours (l died at 23 hours); the 
sheep died at 3 to 10 hours after 
the extract was injected into the 
rumen. 
Some Implications 
Our data indicate that sheep 
can tolerate about 4 times as 
much larkspur (plant or extract) 
as can cattle. This discrepancy 
suggests that the species may 
differ in their metabolism of the 
larkspur alkaloid; either in the 
rumen or body tissues. The dif-
ferences in their rates of progres-
sion of clinical signs, however, 
seem to point toward pharmaco-
kinetic variations. One might also 
speculate that the lipid solubility 
of the larkspur alkaloids is a 
factor, with the percent of lean 
body mass determining the effec-
tive dose. If the mechanism 
responsible for the higher 
tolerance of sheep can be 
identified, it could perhaps be 
induced in cattle as a way to 
inhibit larkspur poisoning. 
The progression of clinical 
signs varied most (about equally) 
between animal species and be-
tween plant and extract; dose 
and individual differences had 
lesser effects. The differences in 
progression of clinical signs 
attributed to plant versus extract 
effects were less notable in cattle 
than sheep, with rate of alkaloid 
absoxption accounting for much 
of this variation. Because we 
knew such absorption could be 
affected by the relative amounts 
of fluid and ingesta in the 
alimentary canal, we had care-
fully controlled amounts of feed 
and times of feeding. Neverthe-
less, some individual variations 
might have occurred, depending 
upon the amount and time of 
water consumption relative to 
when the animal was dosed with 
larkspur. 
Since plant and extract 
TABLE I. Median lethal dose (LD 50) for cattle and sheep of dried, ground plant material and extract from Delphinium 
barbeyi Huth 
Total Body 5 
Toxic Alkaloid Weight 2 Dose3 Mortali.\Y LD50 Confidence 
Animal Material Content 1 (kg) (g/kg) Rate (g,Ikg) Interval6 
Cattle Plant 2.2 164 1.94 0 2.48 2.2 '- 2.8 
162 2.29 2 
163 2.70 2 
155 3.18 4 
Extract 1.0 179 3.13 0 4.33 3.9 - 4.8 
172 3.68 0 
170 4.34 2 
177 5.10 4 
Sheep Plant 2.0 34 7.67 0 9.89 8.5 - 11.5 
33 9.89 2 
41 12.76 4 
34 16.46 4 
Extract 1.0 50 12.76 0 17.54 15.4 - 19.9 
54 16.46 1 
48 21.24 4 
49 27.39 4 
1 Determined by titration method. 
2 After 18 hours without feed. 
3Dose levels used to determine LD50 expressed as grams of dried plant material per kilogram of body weight. 
~umber of animals that died within 72 hours after dosing; 4 animals used for each dose level. 
5Calculated by method of Wei! expressed as grams of dried plant material per kilogram of body weight. 
6EstjrIlation of a confidence interval that will encompass the LD50 95 times in 100 tests. 
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pro d u ced the same clinical 
syndrome, it seems reasonable to 
hypothesize that the major types 
of plant alkaloids that cause 
larkspur poisoning were present 
in the extract. This conclusion is 
further supported by the 
similaritY in relative difference in 
toxicity between cattle and 
sheep for extract and plant 
materials. Our extraction 
procedures can therefore be 
relied upon as an investigatory 
tool. 
The slight differences in the 
LDs 0 values produced by plant 
versus extract materials could 
have been due to a more rapid 
absorption of the extract. An 
alternative explanation could be 
that the extraction procedure 
gave us a more toxic alkaloid at 
especially high levels or in readily 
metabolized form. Without 
doubt, completeness of alkaloid 
extraction could be increased, 
and might change the toxicity 
relative to total alkaloid content. 
Corn Production 
Whatever the case, the proce-
dures we've developed constitute 
a valid, practical approach to 
studying and eventually limiting 
larkspur poisoning on the range. 
John D. Olsen is Federal Collaborator, ARS, 
Department of Animal, Dairy, and Veter-
inary Science, USU. 
Under Drought Conditions 
R. J. Hanks, V. Sorensen, 
and A. Retta 
Even under nondrought condi-
tions, precipitation in much of 
the western United States during 
the growing season is much less 
than is needed for good produc-
tion of such crops as corn. Thus 
corn is usually grown under 
irrigation. With irrigation water 
supplies being increasingly 
appropriated for nonagricultural 
uses, however, western corn 
growers may soon be exper-
iencing droughts even in normal 
precipitation years. Con-
sequently , we initiated a research 
program several years ago to 
evaluate corn production where 
irrigation water was limiting. 
Experimental Methods 
To facilitate the work, we 
developed a new experimental 
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design called the line sprinkler 
source (Hanks et ale 1976). With 
this system (Figure 1), irrigation 
water is delivered at the center of 
the plot next to the sprinkler line 
at a maximum rate. The amount 
Corn is usually grown under 
irrigation in the western United 
States 
of irrigation water applied de-
creases linearly to zero at about 
15 m (50 ft) from the source. 
This system is used to irrigate 
throughout the season at the end 
of which each row is harvested. 
The amount of irrigation 
water applied is measured with 
small rain gages at 3-m (10-ft) 
intervals. Soil water depletion 
the difference in the soil water at 
the beginning and end of the 
season, is also measured at 3-m 
(lO-ft) intervals. Rainfall is also 
measured with the small rain 
gages. The amount of water used 
by the crop as evapotranspiration 
(evaporation from the soil plus 
transpiration from the plant) can 
then be calculated as the sum of 
irrigation, rainfall, and depletion 
minus any runoff or deep drain-
age. Thus, the amount of water 
actually used by the crop can be 
evaluated. 
To illustrate certain principles, 
we show data from three years at 
three different sites, all with dif-
ferent soils. The comparability of 
results, despite the diversity of 
lhah Science 
conditions, substantiates the gen-
eral usefulness of the principles 
involved. 
In 1973 we conducted a trial 
at the USU Experimental Farm 
at Farmington, Utah, on a Kid-
man fme sandy loam soil. Corn 
(Utahybrid 544A) was planted 
on May 11 and harvested about 
September 12 for silage only. 
Rainfall was 16 cm (6.30 in) 
during the growing season. 
In 1975 the study was carried 
out in Logan, Utah, at the USU 
North Farm on a Millville silt 
loam. Com (Northrup King PX 
20) was planted on May 28 and 
harvested for silage and grain 
corn about October 1. Rainfall 
was 8 cm (3.15 in) during the 
growing season. 
In 1976 we moved the study 
to the USU South Farm (Logan, 
Utah) on a Nibley silty clay 
loam. Five varieties of com, rang-
ing in maturity from 95- to 
125-day varieties, were planted 
on May 6 and harvested about 
September 22. Rainfall was 14 
cm (5.51 in) during the growing 
season. 
The soil water content was at 
field capacity (as full as possible) 
at planting time for all sites. 
Irrigation was applied approxi-
mately weekly except for some 
treatments where irrigation was 
omitted for some periods in 
1975. 
Results 
Yields and other water use 
data are shown in Table 1. Irriga-
tion levels for the different sites 
varied depending on the experi-
mental plot. In 1973 evapo-
transpiration (ET) from non-
irrigated plots was 34 cm (13.4 
in) of which 16 cm (6.3 in) came 
from rainfall during the season 
June 1977 
Photo by R. J. Hanks 
End view of experiments, with line sprinkler in the middle of the 
plot, showing the influence of decreasing irrigation water on plant 
height. 
Photo by R. J. Hanks 
Aerial view of two com experiments in 1976 at the South Fork. 
Fann near Logan, Utah. Height decrease is caused by irrigation 
decrease from the middle of the plots outward. Height decreases at 
right angles to the length of the plot are due to differences in 
varieties. 
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TABLE 1. Irrigation, water use (ET) and com yield relations 
Irrigation ET Silage Yield Grain Yield 
em em mT / ha* mT / ha** 
Farmington - 1973 
0 34 ( .46) 25 
6 36 ( .52) 28 
16 46 ( .63) 34 
18 46 ( .63) 34 
19 58 ( .85) 46 
23 59 ( .87) 47 
33 62 ( .91) 49 
39 67 (1.00) 54 
Logan - USU North Farm - 1975 
7 III 34 ( .52) 32 ( .64) 4.6 
17 III 46 ( .71) 43 ( .88) 6.3 
27 III 54 ( .87) 53 (1.00) 7.2 
34 III 53 ( .93) 57 (1.00) 7.2 
42 III 55 (1.00) 61 ( .94) 6.8 
6 101 32 ( .34) 21 ( .33) 2.4 
14 101 40 ( .51) 31 ( .44) 3.2 
22 101 46 ( .(1) 37 ( .57) 4.1 
29 10J 45 ( .77) 47 ( .77) 5.6 
34 JOI 46 ( .79) 48 ( .88) 6.3 
4 001 31 ( .38) 23 ( .42) 3.0 
8 001 31 ( .33) 20 ( .33) 2.4 
10 001 32 ( .31) 19 ( .28) 2.0 
15 001 35 ( .31) 19 ( .28) 2.0 
16 001 33 ( .34) 21 ( .36) 2.6 
Logan - USU South Farm - 1975 
1 Variety 1 26 ( .41) 21 ( .41) 2.4 
8 32 ( .54) 27 ( .53) 3.1 
14 38 ( .77) 39 ( .69) 4.1 
21 43 ( .91) 46 ( .81) 4.8 
27 48 ( .97) 49 ( .95) 5.6 
33 52 (1.00) 50 (1.00) 5.9 
1 Variety 2 24 ( .50) 27 ( .38) 3.5 
8 30 ( .69) 37 ( .51) 4.7 
14 36 ( .82) 44 ( 74) 6.8 
21 41 ( .91) 49 ( .90) 8.3 
27 47 (1.00) 54 (1.00) 9.2 
33 54 ( .96) 52 ( .99) 9.1 
1 Variety 3 25 ( .38) 27 ( .30) 2.9 
8 32 ( .50) 36 ( .57) 5.6 
14 39 ( .67) 44 ( .79) 7.7 
21 44 ( .78) 55 ( .90) 8.8 
27 49 ( .88) 62 (1.00) 9.8 
33 53 (1.00) 71 ( .99) 9.7 
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TABLE 1. Continued 
Irrigation ET 
em em 
Logan - USU South Farm - 197 5 (continued) 
1 Variety 4 26 
8 31 
14 36 
21 41 
27 47 
33 52 
1 
8 
14 
21 
27 
33 
Variety 5 26 
33 
40 
46 
51 
55 
Silage Yield 
mT / ba* 
( .40) 25 
( .57) 35 
( .71) 44 
( .82) 50 
( .99) 61 
(1.00) 62 
( .38) 25 
( .55) 36 
( .68) 45 
( .79) 52 
( .92) 61 
(1.00) 66 
HI- Irrigated weekly all season. 
Grain Yield 
mT / ha** 
( .33) 2.9 
( .45) 4.0 
( .62) 5.5 
( .76) 6.8 
( .80) 7.1 
(1.00) 8.9 
( .20) 1.2 
( .33) 2.0 
( .62) 3.8 
( .85) 5.2 
( .90) 5.5 
(1.00) 6.1 
* Assuming 30% dry matter. 
** Assuming 15.5% water. IOI- lrrigated weekly except during 3-week pollination period. 
( ) Relative yields. 
and 18 cm (7.1 in) came from 
soil water depletion. The yield 
was about half that for the high-
est irrigation. Relative yield in-
creased linearly as ET increased 
(Figure 2). Thus an increase in 
ET of 33 cm (13.0 in) increased 
silage yield by 29 mT/ha (12.9 
Ton/ac). In other words, 1 cm 
(.4 in) of water used as ET 
increased yield by 0.88 mT/ha 
(0.4 Ton/ac). Increasing irriga-
tion applications beyond what is 
required for maximum ET would 
not influence yield but simply 
cause more water to drain 
through the soil. 
Rainfall in 1975 (Table 1 and 
Figure 3) was low at 8 cm (3.1 
in) but the soil water depletion 
(20 cm) (7.9 in) was high. Yield 
with no irrigation was about 26 
percent of the maximum 
achieved, and involved 28 cm (11 
in) of ET. Increasing ET (by 
increasing irrigation) from 34 to 
55 cm (13.4 to 21.7 in) in 1975 
resulted in a relative yield in-
crease of from 32 to 100 per-
cent. An increase in ET of 21 cm 
(8.3 in) caused an increase in 
June 19n 
yield of silage of about 29 mT/ha 
(12.9 Ton/ac). Thus, increasing 
ET by 1 cm (0.4 in) caused an 
increase in yield of 1.4 mT /ha 
(0.6 Ton/ac) or about 0.2 mT/ha 
(0.1 Ton/ac) of grain. Again, 
relative yield increased linearly as 
ET increased. The yield effects 
on the 101 plots, which had no 
irrigation during the 3-week 
pollination period, could be ex-
plained by changes in ET. With-
holding irrigation until the 
maturity state, treatment 001, 
had no influence on yields and 
little on ET. The added water 
was simply stored in the soil. 
This treatment produced the 
same yield-ET relations as did 
the others. 
In 1976 we planted on dif-
ferent soil than in 1975, and 
used several corn varieties rather 
• N X SPR. SPACING --.... 
Figure 1. Schematic diagram of line source sprinkler plot. 
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Figure 2. Relative dry matter yield for com vs evapotranspiration 
(ET) at Farmington, Utah. 
Figure 3. Relative dry matter yield for com vs 
evapotranspiration (ET) at USU North 
Farm, Logan, Utah, 1975. Soil is Millville 
silt loam. 
than one. The varieties differed 
considerably in yields (Table 1 
and Figure 4). When the data are 
plotted as relative yield vs ET 
(Figure 4), however, they gener-
ally fit the same linear relation. 
With no irrigation, the average 
relative yields of all varieties 
were about 38 percent of 
maximum and involved an ET of 
about 25 cm (9.9 in). Of this 25 
cm about 14 cm (5.5 in) came 
from precipitation and about 11 
cm (4.4 in) carne from soil water 
depletion. The depletion of 11 
cm for the Nibley silty clay loam 
at Logan (1976) was just about 
half that for the Millville silt 
loam at Logan (1975). In 1976 
the relative yields of all varieties 
increased from about 38 to 100 
percent as ET increased from 25 
to 53 cm (9.9 to 20.9 in). Thus 1 
cm (0.4 in) ET caused a yield 
increase of about 1.1, 1.0, 1.4, 
1.2, and 1.2 mT/ha (0.4, 0.4, 
0.6, 0.5, and 0.5 Ton/ac) of 
silage for varieties 1 through 5, 
respectively. In terms of grain, 1 
cm (0.4 in) of evapotranspired 
water equated with 0.13, 0.20, 
0.21,0.19, and 0.14 mT/ha (0,6, 
0.9, 0.9, 0.8, 0.6 Ton/ac) for 
varieties 1 through 5, respective-
ly. Thus variety 3 gave better 
42 
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production of grain and silage 
per unit of water used for ET 
than did any other variety. 
Implications of the Data 
Our data substantiate several 
effects already identified by other 
research. One such effect is that 
a certain amount of water must 
be used as ET before any produc-
tion is realized. This is the point 
where the lines in Figures 2, 3, 
and 4 hit zero yield or an ET of 
about 10 to 20 cm (3.9 to 7.9 
in). This ET refers to water 
evaporated directly from the soil, 
which does not go through. the 
plant and contribute to growth. 
Any ET above this amount, up 
1.0 
.8 
.6 
.4 0 
/ 
.2 ~IN DEPLETION IRRIGATION // / 
10 20 30 40 50 60 
ET-CM 
to the maximum, gives an 
essentially linear increase in yield 
per unit of water applied. This 
water is all used in transpiration 
and thus contributes to growth. 
A second effect noted is that 
it is very difficult to make 
maximum use of stored soil wa-
ter and simultaneously get max-
imum yield. Generally, the more 
irrigation water applied, the 
higher the ET and the lower the 
soil depletion. A relatively high 
water content tends to dis-
courage root exploration and 
thus lessens depletion of soil 
water. The high irrigation 
levels caused some water to be 
lost through the profile as drain-
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TABLE 2. Water accounting for com using Logan 1975 data considering available soil water, AWS, at the end of the time 
period, irrigation, evapotranspiration, ET, and pan evaporation EP. 
Date EP ETjEP 
em 
5-28 
5-29 to 6-7 6.1 .20 
6-8 to 6-16 5.8 .30 
6-18 to 6-27 4.7 .40 
6-28 to 7-7 7.0 .50 
7-8 to 7-17 7.0 .60 
7-18 to 7-27 6'.6 .80 
7-28 to 8-6 6.5 .95 
8-7 to 8-16 6.0 1.0 
8-17 to 8-26 5.8 1.0 
8-26 to 9-5 5.7 1.0 
9-6 to 9-15 4.2 1.0 
9-16 to 9-25 3.7 1.0 
9-26 to 10-1 2.2 .90 
age. For example, the 1975 data 
for Logan (treatment III, high 
water levels) indicate that an 
increase in irrigation of 15 cm 
(5.9 in) causes ET to increase by 
only 1 cm (0.4 in). Most of the 
difference is due to drainage out 
of the proftle. This is a common 
problem on farms (especially 
those using gravity irrigation 
systems) where control and uni-
fonnity are difficult to achieve. 
The common drainage loss of 
20-50 percent of irrigation water 
is expensive in the long term 
because of nutrient leaching, 
wasted water, and danger of 
raising the water level. Some 
leaching, however, may be 
necessary to remove excess salts. 
When soil water storage in the 
spring is less than maximum 
(field capacity), as is occurring 
statewide in 1977, different soils 
will require the same through-
the-season irrigations if in the 
same climate. However, if a pre-
irrigation were possible before 
planting (which is recommended 
if water is available) then differ-
ent amounts of water would be 
needed in the growing season by 
specific soils because they differ 
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ET fRR RAIN ASW 
em em em 
20.0 
1.2 0 0.8 19.6 
1.7 0 0.8 18.7 
1.9 0 3.1 19.9 
3.5 0 0 16.4 
4.2 2.5 0 14.7 
5.3 3.5 0 12.9 
6.2 3.5 2.2 12.4 
6.0 5.0 0.6 12.0 
5.8 6.5 0 12.7 
5.7 6.5 0 13.5 
4.2 0 0.3 9.6 
3.7 0 0.3 6.2 
2.2 0 0 4.0 
in their soil water depletion 
potentials. 
The total amount of water 
needed to induce maximum 
production depends on climate. 
For example, the climate around 
Farmington is generally warmer 
than that of Logan, and 10 cm 
(3.9 in) more water was needed 
at Farmington to produce 
maximum yield than was re-
quired at Logan on comparable 
soil. 
To Optimize Com Production 
When Water is Limited 
We suggest that growers: 
1) Preirrigate before planting if 
"free" water is available. 
2) Know how much available 
water is in their soils and 
keep the soil reservoir at 
least half full until grain is 
formed; irrigation can then 
be discontinued with no 
production penalty. 
3) Minimize leaching by keep-
ing an account of stored 
moisture and water loss by 
ET, and irrigate their land 
accordingly. 
Remarks 
Plant 
Pollination 
Begin maturity 
Harvest 10-1 
4) Realize that some water is 
lost by evaporation with no 
growth so it might be best 
to irrigate part of the land 
to promote ET approaching 
maximum and leave some 
of the land unplanted. 
A practical accounting proce-
dure, using the Logan data for 
1975, is shown in Table 2. The 
schedule assumes that water is 
available for irrigation at 1 O~ay 
intervals and that it can be even-
ly distributed over the land. In 
the illustration, most of the avail-
able water had been withdrawn 
from storage by the end of the 
season. The ratio of evapo-
transpiration/pan evaporation 
constitutes a guide for calculat-
ing irrigation times and amounts. 
R. J. Hanks is head of the Department of 
Soil Science and Biometeorology, USU. 
V. Sorensen is a graduate student in the 
Department of Soil Science and Bio-
meteorology, USU. 
A. Retta is a graduate student in the 
Department of Soil Science and Bio-
meteorology, USU. 
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Rangelands, Ranchers, and Drought 
Roger E. Banner 
Rangelands are affected in 
various ways by drought. Deter-
ioration of the vegetation or 
plant communities is among the 
most serious. When drought 
occurs, the plants growing on the 
range are weakened, and quite 
often m~ny of the more vulner-
able plants die. This presents an 
opportunity for some of the 
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more drought resistant, weedy, 
and less desirable plant species to 
increase. Such plant species are 
often less desirable from several 
standpoints - watershed protec-
tion, wildlife habitat, and forage 
production for domestic live-
stock. 
Other factors compound the 
situation - grazing at improper 
times and with excessive 
numbers of livestock or wildlife, 
for instance. Plants on rangelands 
produce herbage in quantities· 
relative to the amount of 
moisture available. During 
drought the amount of foliage 
available as forage for livestock 
and wildlife is reduced, calling 
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Since drought is a recurring 
problem for Utah ranchers, it 
may be wise to structure live-
stock herds to better deal with 
it 
for a like reduction in grazing 
pressure. Grazing at the critical 
plant growth periods intensifies 
the stress on plants already 
weakened by drought, causing 
additional plant mortality. Over-
grazing after critical plant growth 
periods can also subject the 
plants to additional stress. In 
Utah, critical spring ranges have 
the potential for being the hard-
est hit , since they are usually 
grazed at that time. 
Ranching 
Ranchers also have constraints 
that are critical to the survival of 
their operations. If a rancher has 
a favorable equity position in his 
land and livestock, he can make 
the necessary management ad-
justments that will benefit him 
most in the long run. A rancher 
without favorable equity may be 
forced to liquidate his operation 
in order to reduce further losses, 
or he may continue on and 
gamble that conditions will im-
prove. If the drought continues, 
however, overgrazing of the 
range will certainly weaken or 
dissolve his operation. Livestock 
production is decreased during 
drought through water stress to 
the livestock and reduced forage 
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production and quality even 
when livestock use is in balance 
with range forage production. 
When livestock use during 
drought is excessive, livestock 
production is decreased even 
further due to scarcity of forage. 
Often animal mortality increases 
due to starvation and poisonous 
plants which become more of a 
problem when desirable forage is 
in limited supply. Forced sales 
due to eroding fmancial position 
and lack of forage for livestock 
spell an undesirable marketing 
situation. Further, the range will 
have been subjected to abuse 
that will require much more time 
for recovery than would have 
been necessary due to drought 
alone. 
A rancher that hopes to stay 
in ranching should make certain 
adjustments that will benefit the 
range and minimize his financial 
losses in case of drought: 
I) Heavy culling to bring live-
stock numbers in line with the 
feedstuff production from range, 
pasture, and crops available. All 
efforts should be made to retain 
a base herd of the most produc-
tive animals from which to re-
build. This usually means 
keeping a base herd of middle-
aged animals that have records of 
above average production. Some 
things to consider when culling 
are: a) age of the animal, b) 
weaning weights of offspring in 
prior years, c) fertility (has she 
produced offspring every year 
sin ce entering the breeding 
herd?), d) calving or lambing 
difficulties, and e) soundness of 
the animal. 
2) Early weaning (60-90 days). 
This will reduce the stress of 
lactation and thus encourage 
maximutn conception in the 
breeding herd. Research indicates 
that weaning at 3 to 4 months of 
age may be good livestock man-
agement in normal years, also. 
3) Good livestock distribution 
on the range. Hauling water and 
salting properly (away from 
wa ter) can facilitate good 
distribution. 
4) Reduction of expenses. 
5) Early discussion of fmancial 
needs and limitations with the 
fmancier. Additional costs of 
carrying animals through drought 
with reduced returns should be 
evaluated to determine the best 
economic alternatives. 
Conscious and concerted 
efforts in these areas have been 
shown to minimize financial 
losses during periods of serious 
drought in the past. 
Recurring Drought 
Since drought is a recurring 
problem for Utah ranchers, it 
may be wise to structure live-
stock herds to better deal with it. 
If breeding animals consitu te 
two-thirds to three-fourths of a 
rancher's livestock herd with the 
remainder consisting of yearlings, 
sale of yearlings in drought years 
will reduce the inroads into the 
breeding herds. Close culling in 
good years increases fertility 
levels in the herd or maintains 
them at a high level. 
Unlike cultivated crops, range-
lands are natural biological sys-
tems that have evolved through 
many drought cycles. For this 
reason they have the capacity to 
survive even severe and pro-
longed drought. However, if 
rangelands are denuded during 
drought, productive potential 
can be lost through soil erosion. 
Roger E. Banner is Extension Range Special-
ist in the Department of Range Science, 
USU. 
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Local Perceptions of 
Community Life in Rural Utah 
46 
Many community activities"are 
closely related to church in 
Utah's rural communities 
Reed Geertsen, Michael Toney 
and Vun Kim 
The persistent economic and 
population declines that have 
long plagued most rural com-
munities in Utah have finally 
been reversed in many cases. 
Communities that had little or 
no population growth over 
several decades have been exper-
iencing substantial increases due 
to changing patterns of migra-
tion. These changes catalyzed 
our search for up-to-date in-
formation on local opinions 
about ways in which such com-
munities might be improved as 
places to live. 
In surveys of the general pub-
lic in 8 of Utah's rural areas, 
our ultimate goal was to provide 
a valid basis for local planning 
and comparative analyses. The 
findings reported here are 
representative of our overall re-
sults. 
Data Collection Procedures 
We presented questionnaires 
to residents in 8 Utah com-
munities.· The communities had 
populations ranging from 1,500 
to 5,500 and were experiencing 
different patterns of growth and 
development. 
The procedures used to 
identify sample households 
·Panguitch, Delta, Richfield, Salina, Moab, 
Roosevelt , Vernal, and Duchesne. 
Utah Science 
resembled those used by the US 
Bureau of Census. Detailed 
block maps were prepared for 
each community. Specially 
trained individuals then located 
every housing unit in each com-
munity on the block maps. 
Afterward, a systematic random 
sampling procedure was used to 
identify households to be 
queried. Every household in the 
community thus had an equal 
chance of being selected to 
participate in the study. 
Approximately 3 out of every 4 
heads of household contacted 
returned a completed question-
naire. This gave us a total of over 
1100 participating households, 
with a minimum of 140 per 
community (with one excep-
tion). 
The self-administered ques-
tionnaires were specifically de-
signed for this study and in-
cluded over 200 items. If a 
series of attempts to deliver 
and pick up each questionnaire 
personally failed, we used special 
mailings (including several 
follow-up letters). Incentives in-
cluded the assurance that our 
results might be used in helping 
to make the community a better 
place in which to live. Con-
fidentiality was enhanced by giv-
ing each household a self-
addressed business envelope in 
which to seal their questionnaire 
prior to returning it. Addi-
tionally, each respondent was 
assured that his or her responses 
would be combined with those 
of the other randomly selected 
persons in the community. 
Selected Finfjings 
How do rural residents feel 
about their community? We 
asked 4 questions concerning 
community satisfaction. Our 
fmdings are summarized in Table 
1. The third question obviously 
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generated somewhat less favor-
able responses than did the fIrst 
two. More than three-fourths of 
the respondents indicated that 
their community was doing 
either a poor (28.7 percent) or 
only a fair job (49.4 percent) in 
solving its most pressing 
problems. One of the 
respondents summarizes this 
rmding: "The people in this com-
munity seem overly content with 
the status quo. They are friendly, 
but seem stuck in a rut with no 
desire to improve their standard 
of living or education for their 
children." Other comments ex-
press the need for more action in 
problem solving: "I would really 
like to see the vacant lots cleaned 
up and better maintenance for 
the streets." And, "I believe the 
city could make a better effort at 
Communities are growing due 
to changing patterns of migra-
tion 
spraying for mosquitoes and im-
proving our roadways. Improve-
ment on a park or play area for 
our children would also be 
good." 
Although the fmdings in Table 
1 show that most people feel 
fully accepted as members of 
the community, they also in-
dicate that some individuals feel 
left out. A number of comments 
indicate that this is a particular 
problem for individuals who are 
not members of the dominant 
church in Utah. For example, 
one respondent indicated, "In 
this community you certainly 
know you are an outsider within 
a little time if you are not a 
member of the Church." Part of 
the problem may be that many 
community activities are closely 
related to church activities in 
Utah's rural communities. 
According to one respondent, "If 
it had not been for my activity in 
my church, I would not be in-
volved in anything. Outside of 
the church, I have not seen any 
opportunity to participate in any 
community affairs." 
Community preferences re-
garding population and economic 
growth. The fmdings reported in 
Table 2 clearly indicate a 
preference for moderate (as 
opposed to rapid or no) 
economic and population 
growth. Precisely what people 
had in mind when they said 
moderate growth remains to be 
determined. 
Evaluation of selected com-
munity features and services. To 
obtain details about what people 
like and dislike about their 
community, 40 different features 
of community life were listed in 
the questionnaire. For each 
feature (for example, postal 
services or shopping facilities) 
respondents were asked to 
provide a rating of whether they 
felt it needed improvement, was 
satisfactory, or was a community 
strength. The results, including 
the n um ber of individuals 
responding to each feature are 
presented in Table 3. The com-
munity feature most frequently 
singled out as needing improve-
ment were facilities for young 
people. As one respondent com-
mented, "We really enjoy this 
community as a place to raise 
our family. However, there is 
nothing for the entertainment of 
youth. The only thing there is 
for youth to do is to drive 
around in cars. " According to 
another respondent, "We need 
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some kind of recreation for our 
young people, something to keep 
them off the street and some-
thing they can enjoy doing and 
be proud of." This general trend 
is also expressed by a respondent 
in a Southern Utah community', 
"Overall, this community is a 
good place to raise children be-
cause of the size of the town. 
But the town defInitely lacks in 
recreation for the people here. If 
it weren't for the church 
activities, this town would really 
be hurting, especially in the 
summertime. " 
In contrast to facilities for 
youth, the features most 
frequently mentioned as 
community strengths included 
access to out-of-doors and wide 
open spaces, lack of pollution, 
quality of religious life, a place 
to raise a family, appearance of 
cemeteries, and help from others 
in time of need. 
Willingness to help in improv-
ing the community. After 
identifying the community 
features they believed were most 
in need of improvement, the 
Table 1. Summary Responses of Residents in Eight Rural Communities to Community Satisfaction, 1975 
Areas of Satisfaction Responses Totals 
% (N)* 
Overall rating of Poor Fair Good Excellent 
community as a place 
in which to live 3.2% 23.4% 59.5% 13.9% 100% (1100) 
Is community becoming Becoming Staying Becoming 
a better or worse Worse the Same Better 
place in which to live? 13.4% 35.7% 50.9% 100% (1102) 
Progress of community Poor Fair Good Outstanding 
in solving its most 
pressing problems 28.7% 49.4% 20.8% 1.1 % 100% (1027) 
Feeling of acceptance Not at all Partially Fully 
as a member of the Accepted Accepted Accepted 
community 4.0% 31.0% 65 .0% 100% (1055) 
·Total persons interviewed = 1123 
Table 2. Summary Preferences of Residents in Eight Rural Communities Regarding Population and Economic Growth, 1975 
Areas of Growth Responses Totals 
% (N) 
Which rate of population Rapid Moderate No 
growth do you favor for Growth Growth Growth 
your community? 3.1% 87.8% 9.1% 100% (1094) 
Which rate of economic Rapid Moderate No 
growth do you favor for Growth Growth Growth 
your community? 12.1% 84.3% 3.6% 100% (1083) 
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Table 3. Summary Evaluation of Responses in Eight Rural Communities Regarding Selected Community Services and 
Features, 1975 
Selected Services & Features This Needs This is This is a Totals 
Improvement Satisfactory Strength 
% (N) 
1. Facilities for youth (skating, 76.3% 17.2% 6.5% 100% (10B7) 
etc.) 
2. Housing for new families 69 .2% 21.7% 9.1 % 100% (1090) 
3. Opportunities for cultural 5B.7% 34.0% 7.3% 100% (1069) 
activities 
4. Shopping facilities 54.9% 30.0% 15.1% 100% (1105) 
5. Citizen participation in com- 53.5% 32.0% 14.5% 100% (1072) 
munity decisions 
6. Restaurants & entertainment 53.4% 33.6% 13.0% 100% (1076) 
7. Child day-care & babysitting 49 .B% 40.6% 9.6% 100% (1023) 
B. Road maintenance and snow 45.6% 37.7% 16.7% 100% (1101) 
.removal 
9. Recreational opportunities 45.5% 30.1 % 24.4% 100% (107B) 
10. Public parks & playgrounds 43.2% 35.3% 21.5% 100% (1090) 
11. Zoning regulations and en- 42.2% 45.1 % 12.7% 100% (1063) 
forcement 
12. Opportunity to earn livable 40.5% 3B.2% 21.3% 100% (1094) 
income 
13. Upkeep of homes and yards 40.2% 41.1 % IB.7% 100% (1100) 
14. Programs & assistance for aged 3B.6% 3B.5% 22.9% 100% (1070) 
IS. Effectiveness of local 3B.0% 44.6% 17.4% 100% (1057) 
government 
16. Law enforcement 37.6% 40.3% 22.1 % 100% (1097) 
17. Physical appearance of community 36.3% 42.3% 21.4% 100% (1094) 
lB. Making newcomers feel welcome 35.9% 39.6% 24.5% 100% (1095) 
19. Equal opportunity for all to 33.9% 45.7% 20.4% 100% (1097) 
take part in community life 
20, Efforts to improve community 33.7% 41.0% 25.3% 100% (lOBO) 
21. TV and radio 33.3% 43.9% 22 .B% 100% (1101) 
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(Continued) 
Table 3. Summary Evaluation of Responses in Eight Rural Communities Regarding Selected Community Services and 
Features, 1975 
Selected Services & Features 
22. Health services 
23. Friendly groups of common age 
and interest 
24. Schools & educational tr'!ining 
25. Concern of leaders for commun-
munity betterment 
26. Community spirit & cooperation 
27. Garbage and sewer disposal 
28. Postal service 
29. Quality of public libraries 
30. Overall comparison with sur-
rounding communities 
31. Chance to develop close rela-
tionships with others 
32. Friendliness and concern of 
neighbors 
33. Fire protection 
34. Place to raise a family 
35. Help from others in time of need 
36. Geographical setting 
37. Quality of religious life 
38. Lack of pollution (air, water, etc.) 
39. Appearance of cemeteries 
40. Access to outdoors and wide-
open spaces 
respondents were asked what 
they would be willing to do to 
promote such improvements. As 
summarized in Table 4, most 
were willing to either sign a 
petition, serve on a committee, 
or give their spare time one 
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This Needs This is 
Improvement Satisfactory 
31.2% 36.3% 
30.3% 49.9% 
29.7% 39.3% 
28.0% 40.4% 
27.5% 39.1% 
27.4% 43.7% 
26.2% 42.1% 
23.3% 46.4% 
20.4% 45.5% 
18.6% 45.7% 
15.9% 34.3% 
13.1% 44.9% 
12.0% 28.5% 
11.3% 32.5% 
10.2% 33.9% 
10.0% 31.8% 
9.0% 27.4% 
7.9% 35.8% 
2.2% 19.9% 
evening a week. Slightly less than 
half would give two hours pay. 
Conclusions 
Although certainly not 
representative of all rural com-
TIlls is a Totals 
Strength 
% (N) 
32.5% 100% (1093) 
19.8% 100% (1060) 
31.0% 100% (1093) 
31.6% 100% (1075) 
33.4% 100% (1086) 
28.9% 100% (1098) 
31.7% 100% (1105) 
30.3% 100% (1069) 
34.1% 100% (1065) 
35.7% 100% (1083) 
49.8% 100% (1105) 
42.0% 100% (1101) 
59.5% 100% (1107) 
56.2% 100% (1091) 
55.9% 100% (1065) 
58.2% 100% (1083) 
63.6% 100% (1086) 
56.3% 100% (1101) 
77.9% 100% (1103) 
munities in Utah, our survey 
results do cover a cross section of 
growing and stable communities 
in the 1,500 to 5,500 population 
category. Strong similarities 
among the returns lead us to 
believe that they are reasonably 
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Table 4. Summary Responses of Residents in Eight Rwal Communities Regarding Their Willingness to Help in Solving the 
Community's Most Important Problems, 1975 
Problem Solving Activities 
1. Sign a petition 
2. Serve on a committee 
3. Give spare time one evening a week 
4. Give two hours' pay 
5. Give a half day's pay 
6. Agree to 1 % local sales tax increase 
7. Act as chairman of a committee 
indicative of the perceptions of 
individuals living in comparable 
rural Utah communities. The 
overall results might therefore be 
advantageously used as a basis 
for local planning. 
Yes No 
68.8% 31.2% 
68.8% 31.2% 
66.4% 33.6% 
43.5% 56.5% 
33.5% 66.5% 
31.0% 69.0% 
29.8% 70.2% 
In regard to true potentials for 
local support of specific com~ 
munity improvement projects, 
accurate assessment demands a 
less general approach than we 
had to use. 
Totals 
% (N) 
100% (1022) 
100% (1022) 
100% (1022) 
100% (1022) 
100% (1022) 
100% (1022) 
100% (1022) 
Reed Geertsen is Assistant Professor of 
Sociology, USU. 
Michael B. Toney is Assistant Professor of 
Sociology, USU. 
Yun Kim is head of the Department of 
Sociology, Social Work, and Antluopology, 
USU. 
Rhythms and Cycles in Nature 
If you'd like to know more 
about why and how our universe 
behaves as it does, consider 
attending some or all of the 1977 
USU College of Science Summer 
Lectures. This year's visiting 
scientists will be discussing topics 
ranging from the earth 's mag~ 
netic field and biologic extinc~ 
tions, through pulsars and inter~ 
stellar masers, to human biologi~ 
cal "clocks." 
The free-of~charge series of 
lectures begins June 27 and coh~ 
eludes July 29. Each week, a 
different scientist will be discus-
sing various phases of his exper-
tise in one (or two) lecture(s) per 
day. The lectures are designed to 
June 1977 
be of inter.est to students from 
high school through graduate 
school, teachers, and members of 
the general public. 
The schedule is as follows: 
6/27~7/1 Neil D. Opdyke 
Magnetism, Cli-
mates and Conti-
nen ts: Perspec-
t i v es through 
time 
7/5-7/8 Jurgen Aschoff -
Biological 
Rhythms: The 
spectrum and 
specifics 
7/11-7/15 Duane O. Huhleman 
- Solar System 
Interactions: 
Periodic and 
otherwise 
7/18-7/22 Elmar R. Reiter -
The Earth's At-
mosphere and Cli-
mates: Scales and 
variables 
7/26-7/29 Malcolm L. Sargent 
Time-telling 
Plants: From 
molds on up 
Information about hours, 
location, and the possiblity of 
registering for credit (fee re-
quired) can be obtained by 
calling 801-752-4100, extension 
7637. 
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Projects in Progress 
Lois M. Cox 
In this regular feature of Utah Science we briefly describe some of the research in progress across the 
USU campus. Each installment is a scant sampling of the remarkably diverse research scene. 
Turned On by Plants 
Surely people who work in 
herbariums lead dull, inactive 
lives. After all, what possible 
adventure could there be in 
systematizing thousands of dried, 
pressed plants? 
If you've ever had occasion to 
think about herbariums, odds are 
that you came pretty close to the 
above conclusion. The reality, 
however, is far different. 
Herbarium curators, such as 
Arthur H. Holmgren of the Inter-
mountain Herbarium and his 
assistant, Leila M. Shultz, lead 
more actively demanding lives 
and average more exciting ad-
ventures per year than most of 
us. That's because the Inter-
mountain Herbarium, head-
quartered on the USU campus, 
only looks like a static collection 
of plant specimens. Actually, it is 
the product of perpetually 
dynamic research and service 
efforts in the field as well as the 
laboratory . 
For Holmgren and Shultz, 
field trips generally equate with 
collecting specimens of Inter-
mountain plants from remote 
areas or seeking plants that have 
never before been recorded as 
growing in Utah, Southern 
Idaho, most of Nevada, and 
certain parts of California and 
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Oregon. Their periodic 
expeditions have taken them on 
rafts down wild rivers, by heli-
copter to the top of a roadless 
mesa, scrambling up and down 
rocky cliffs, and scouring oppres-
sively hot deserts. Such ventures 
recently enabled them to find 
and identify three rare species of 
plants that may disappear all too 
soon as people-pressures increase 
on the land. 
As Professor Holmgren puts it, 
"Stumbling across and managing 
to identify such rare species is 
not only personally satisfying, it 
can give other researchers new 
insights into past evolutionary 
patterns and plant migrations. 
For example," he notes, "we've 
found that a species in the 
mustard family that grows in 
Nevada is related to one that 
lives in the Arctic. And we've 
found an ingenious wild onion in 
Box Elder County thriving in a 
habitat that repels virtually all 
other plant life." 
The exhilaration of a success-
ful field trip is normally followed 
by laboratory investigations that 
seek to track the genealogy of 
the collected plants. The search 
often demands dedicated 
persistence and ingenuity, be-
cause representatives of a single 
plant species can differ 
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drastically in their external 
appearance and growth patterns 
depending on environmental 
effects. Variations in soil 
nutrients, available moistu~e, and 
prevailing temperatures can have 
a surprisingly substantial in-
fluence on how a plant looks, 
even to a trained eye. 
But unless a plant can be given 
its technically correct name, the 
public service responsibilities of 
the Herbarium can't be fulfilled. 
"Most of the people who come 
to us for help are looking for 
information about a specific 
plant," Shultz explains. "Their 
common questions are about 
growth habits, interactions with 
o t h er p I ants, poisonous 
potentials, food value for live-
stock or people, and sometimes 
control methods. Well, we can't 
always answer such queries just 
based on correctly naming the 
plant - but that has to be the 
starting point." 
Obviously, Art Holmgren and 
Leila Shultz are "turned on" by 
plants. But you don't have to 
work in an herbarium to discover 
and enjoy the pleasures that can 
come with a greater awareness of 
the diversity, adaptability, and 
mystery of plants. All you need 
is a field guide geared to begin-
ners·, a willingness to walk more 
slowly than usual along lanes and 
trails, and an interest in learning 
to "see" differently than the 
average person. You might also 
want to call the Intermountain 
Herbarium (USU extension 
7291) and ask about guided 
tours of the laboratory and 
scheduled field trips. 
-Mountain Planf$ of Northeastern UfQh by 
Berniece Andersen and Arthur Holmgren, 
US U Extension Service Circular 319 is a 
good starting point. 
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From Purple Bacteria 
to More Efficient Plants 
A one-step-at-a-time, indirect 
approach to problem solving can 
be exasperatingly slow 
especially when the need for a 
solution is urgent. In the 
biological sciences, however, vari-
ables are usually so numerous 
and their interactions so com-
plex, that short cuts are rarely 
effective. A prime example is 
photosynthesis - the process by 
which plants convert solar energy 
into chemical energy and ulti-
mately into our foods. 
Only if we can move our 
understanding of photosynthesis 
beyond general principles to 
specific molecular mechanisms, 
are we likely to find ways to 
substantially increase the food 
production efficiency of plants. 
But molecular mechanisms have 
proved exceedingly difficult. to 
study in plants, even with to-
day's sophisticated techniques 
and instruments. 
Fortunately, certain bacteria 
also routinely transform solar 
energy into chemical energy. 
And their molecular procedures 
are apparently quite similar to 
some that have been identified in 
plants. In fact, one hypothesis 
has it that the relatively simple 
bacterial system is an evolution-
ary forerunner of one of the two 
systems known to operate in 
plants. 
Certainly, both the bacterial 
and plant systems depend on 
proteins, fats, and pigment mole-
cules located in specialized struc-
tures inside their cells. And the 
processes in both include: 
harvest of light energy, its photo-
chemical conversion into chemi-
cal energy, transfer of the chemi-
cal energy (via electrons) to 
other system components, and 
the production of energy-bearing 
compounds such as adenosine 
triphosphate - the biologically 
ubiquitous A TP. 
At USU a research group di-
rected by Jon Y. Takemoto 
(Assistant Professor of Biology) 
is therefore studying a nonsulfur, 
purple bacteria (Rhodo-
pseudomonas spheroides ). The 
group's objectives are to isolate, 
purify, and identify the 
molecular components of the 
bacterial photosynthetic process. 
Toward that end, they've been 
concentrating on the bacteria's 
membranes - which .are their 
"operational centers" of photo-
s~nthesis. 
From these membranes 
they've identified and/or isolated 
several proteins (which, to an 
electron microscope, look like 
bulges on the outside surface of 
the membrane). According to Dr. 
Takemoto, "Two of the proteins 
have proved to be intimately 
involved with the energy 
metabolism of photosynthesis. 
They somehow help transform 
light energy into chemical 
energy. We call these two pro-
teins "reaction centers." Another 
of the bacteria's proteins is 
responsible for the harvesting of 
light. And a fourth is an enzyme 
involved in the manufacture of 
ATP. 
"What we don't know," says 
Dr. Takemoto, "is where and 
how these and the other bacterial 
proteins are physically associated 
so they can interact efficiently." 
The researchers want to know 
whether they function in close 
proximity to the reaction 
centers or do their work in some 
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other part of the membrane. 
They also need to fmd out much 
more about the bacteria 
enzymes that affect the 
organism's photosynthetic 
energy transfonnations. "Of 
course," Dr. Takemoto added, 
"even when we have all this data, 
we'11 still have to translate our 
bacteria-generated insights to 
plants." 
The step-by-step scientific 
opening of boxes inside of boxes 
by research groups such as that 
led by Dr. Takemoto is obvi-
ously far from handing us the 
key to optimally efficient crop 
plants. But the approach has 
proved so productive in the past, 
that not persisting in its applica-
tion would seem foolish. 
Matchmaking-
the Hard Way 
When it comes to matching 
plants and pollinators, absolutely 
nothing and no one can surpass 
the genius shown by evolution. 
But evolution's carefully devised 
patterns have often been disrupt-
ed by migrating human beings. 
Crop plants abruptly removed 
from their original locations were 
rarely accompanied on their 
travels by any of their co-evolved 
pollinators. Alfalfa, tomatoes, 
and apples are just a few of the 
hundreds of examples of crops 
that were brought to the United 
States without their native 
pollinators. 
The results of such separation 
can include inadequate seed set 
and disappointing fruit produc-
tion. According to Frank D. 
Parker of the USDA's Bee 
Biology and Systematics Labora-
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tory, "Those kinds of production 
problems can only sometimes be 
solved by using insects native to 
the United States. More often," 
he continued, "we find that our 
best approach is to identify the 
insects, usually bees or wasps, 
that are effective pollinators of 
the crops in their countries of 
origin, and check out importing 
potentials. " 
Recently, though, one USDA 
investigator, Phillip Torchio, dis-
covered a notable exception to 
that general rule. He trapped, 
studied, and ultimately tested for 
its pollinating potential, a wild 
bee (Osmia lignan"a) that is al-
ready thriving in this country. 
"The bee proved to be a spec-
tacular pollinator of apples and 
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almonds," Dr. Parker said, "and 
it may be just as useful in upping 
the production of other orchard 
crops." 
In the course of their continu-
ous efforts to fmd, trap, and 
study the biology of potential 
crop pollinators, personnel of the 
Bee Laboratory naturally be-
come familiar with the insects' 
predators, parasites and diseases. 
Any serious susceptibilities 
eliminate a bee or wasp from 
further consideration. In addi-
tion, when looking at candidate 
pollinators from other countries, 
a lot of time is devoted to 
making sure they would not en-
danger any of our native benefi-
cial plants, animals, or insects. 
Dr. Parker says that the Labora-
tory's research often seems like a 
race with time, because current 
agricultural practices tend to 
wipe out likely nesting sites for 
wild bees. 
Besides their research, the 
Laboratory personnel provide an 
information service to other 
professionals and to the general 
pUblic. In fact, one of their aims 
is to help us non-insect-oriented 
people realize what a good idea it 
is to identify bees and wasps 
instead of automatically reaching 
for a swatter or can of insecticide 
when we see them around our 
homes and yards. Very few bees 
or wasps are inherently aggres-
sive. Most of those that are at all 
inclined to sting, will only do so 
if they think their nests are being 
threatened. And, as Dr. Parker 
puts it, "We can ill afford any 
more reckless destruction of 
crop-making pollinators." 
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Ripples 
in the Market Place 
Cause and effect relationships 
have been known to strenuously 
resist precise defmition. They 
can seem especially stubborn 
when human behavior is an 
essential part of the picture. 
Nevertheless, research being done 
by Terry Glover (Associate 
Professor of Economics) is 
expected to produce useful in-
sights into why and how demand 
forces at the meat-counter level 
influence markets and prices at 
the rancher/feeder level. 
Among the factors being 
studied are how specific con-
sumer preferences for meats and 
meat products affect the many 
markets that intervene between 
the consumer and the producer. 
Professor Glover is also trying to 
develop a "true" cost of living 
indicator to measure the cost of 
food, particularly meat products, 
in contrast to the currently used 
Consumer Price Index (CPl). The 
CPI is calculated without any 
knowledge of specific consumer 
preferences for goods or in-
dividual perceptions of personal 
welfare. It is not known if the 
CPI responds differently than 
would the proposed true cost of 
living indica tor to changes in 
demand that occur as a result of 
changes in consumer preferences. 
Once consumer meat 
preferences can be successfully 
modeled in statistical and 
computer terms, then the im-
pacts of changes in demand at 
the consumer level can be 
accurately tracked, and dif-
ferences between the CPI and the 
cost of living indicator identified. 
Using a consumer preference 
model, consumer, producer, and 
government regulatory actions 
and policies could be evaluated 
in terms of their ultimate price 
and cost effects on the various 
markets for livestock and meat 
products. The benefits could in-
clude the potential for more 
realistic planning of production 
by ranchers. At the same time, 
by identifying the "true" 
economic cost of meat, the 
model could help consumers 
budget their food purchases 
more efficiently. The model may 
also prove applicable to the 
markets through which other 
agricultural products flow from 
producers to consumers. 
Salty Water 
From Salty Rocks 
To most of us, the word salt 
means the crysta1line sodium 
chloride that we put on food. To 
scientists in USUs salinity in-
vestigation team, however, salt 
has a lot of other connotations. 
Their connotations center 
around water, soils, and crop 
production. 
Along with other USU 
scientists and graduate students, 
R. H. Hawkins (Associate Pro-
fessor, Forestry and Outdoor 
Recreation) is investigating a 
particular piece of the Colorado 
River's salinity (salt load) puzzle. 
In that context, salt equals dis-
solved solids, which include but 
are far from limited to sodium 
chloride. It also equals trouble, 
since soils irrigated with salty 
water tend to become exceeding-
ly inhospitable to most crop 
plants. The Colorado's salt load 
is therefore of concern to people 
in the southwestern United 
States and Mexico. 
Hawkins and the other team 
scientists have been trying to 
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define how and where the Price 
River picks up its salt-much of 
which ultimately enters the 
Colorado. According to Hawkins, 
their Bureau of Land 
Management-funded study has so 
far, "mostly made us acutely 
aware of the complexity of the 
situation. When we simulated 
rainfall on small experimental 
plots and analyzed the overland 
runoff waters, we found a 
minimal salt content that could 
only account for a tiny fraction 
of what is known to enter the 
Price. That started us looking at 
potential nonsurface sources." 
And what lays under much of 
Price Basin is Mancos Shale-a 
very salty type of rock. (A rock 
is classed as salty when its 
mineral components are super-
susceptible to being dissolved by 
water). With the shale identified 
as the probable prime source of 
Price River salt, the researchers 
are concentrating on pinpointing 
its roufes from Basin to River. 
Whatever routes are ultimately 
identified, the scientists know 
that the amounts of salt that 
enter the river are related to soil 
erosion. Control of soil erosion 
could therefore be at least one 
key to modifying the Price 
River's salt load. 
Satellites and 
Agricultural Planning 
An experiment spanning the 
nation has compared spy-in-the-
sky satellite views with on-the-
ground observations of plant 
development patterns. The re-
sultant data are giving new di-
mensions to world, national, and 
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local agricultural planning 
efforts. 
The NASA satellites, operating 
500 miles above the earth, take 
advantage of the different 
amounts and kinds of energy 
(heat and light) reflected by the 
earth's various materials. These 
highly individualized spectral (re-
flected) signatures allow the 
satellites to differentiate between 
such plant groups as hard- and 
softwood trees and grains and 
legumes, and even to identify the 
stage of growth of specific crops. 
During 1972-1973, Utah State 
University personnel , led by 
Gaylen Ashcroft (Associate 
Professor of Soil Science and 
Biometeorology), cooperated in 
Cornell University pilot experi-
ments by checking the satel-
lite-generated data against on-
the-ground observations and 
photographs. The Utah sites 
(Kanosh and Snowville) were 
part of the experiment's Rocky 
Mo.untain Corridor network of 
sites. The other networks were 
distributed among the 
Appalachian, Mississippi Valley , 
and Columbia VaUey Corridors. 
In all cases, attention was 
focused on one or more of the 
following: nonirrigated range 
land, irrigated alfalfa, and dry-
land wheat. 
It turned out that the satellites 
could readily and reliably 
identify the geographical progres-
sion of Spring's green wave as it 
pushed north, and Autumn's 
brown wave as it retreated 
southward. The satellite data 
thus allow the scientists to deter-
mine how many acres are planted 
to specific crops and to monitor 
stages of plant .development on 
designated acreages. In a related 
study, other researchers are 
seeking spectral signature 
changes that might identify plant 
responses to such stresses as 
drought , high soil salinity , low 
soil fertility , diseases, and/or 
voracious insects. 
The satellites' talents have 
special implications for a team of 
USU scientists led by R. J . Hanks 
(Professor of Soil Science and 
Biometeorology). This team has 
been trying for years to find 
ways to predict grain yields. 
Their currently operating com-
puter program successfully 
models the primary factors that 
affect the production of spring 
wheat and corn. 
The models, which consider 
each crop's access to both energy 
from the sun and water 
(climatological factors) , indicate 
that a plant's sensitivity to water 
stress varies with its develop-
mental stages. For corn and 
spring wheat, the flowering 
(pollination) stage is the most 
responsive to moisture variations. 
By drawing upon the satellites' 
ability to probe the private lives 
of the crop plants, the scientists 
were able to expand their com-
puter models. The models now 
match water deficiencies with 
crop growth stage and predict 
ultimate yields with amazing 
precision. Such predictions of 
grain (and forage) supplies are 
indispensable to sensible agricul-
tural planning on a national scale 
(foreign grain sales, poultry 
production, feedlot operations, 
etc.). 
To extend the USU prediction 
potentials even further , models 
are being developed for winter 
wheat (Gaylen Ashcroft , leader), 
alfalfa (R. J. Hanks , leader), and 
rangeland (under the leadership 
of Arlo Richardson, State 
Climatologist for the Utah De-
partment of Agriculture and Neil 
West, Associate Professor of 
Range Science). "This work," 
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explained Dr. Ashcroft, 
"presents us with an entirely 
different set of problems. Be-
cause all of these plants over-
winter, we have to define the 
effects of snow cover (amount, 
time of arrival, persistence) and 
winter temperatures on fall 
growth die-backs. The winter die-
backs also have to be correlated 
with subsequent spring growth 
and development before yields 
can be projected." 
Ultimatyly, with computer 
models substituting for crystal 
balls, USU scientists expect to be 
forecasting when the region's 
wheat, corn, and alfalfa will be 
ready for harvest and when 
ranges will be ready for grazing. 
"At the same time," Dr. Ash-
croft said, "we should be able to 
predict the yields of winter 
wheat and alfalfa as accurately as 
we already can those of spring 
wheat and corn. Range produc-
Science Short 
Revising an Ancient Art 
The conversion of milk into 
cheddar cheese begins with 
coagulation. Once upon a time, 
that coagulation was routinely 
achieved by using rennet. Un-
fortunately, access to rennet 
demands access to large numbers 
of slaughtered calves since rennet 
is obtained from the lining of 
each calf's stomach. And for 
many years, there have simply 
not been enough calves going to 
market to satisfy cheese industry 
needs. 
The search for substitutes 
for rennet culminated when 
cheese manufacturers discovered 
the coagulation potentials of 
enzymes (proteases) produced by 
certain fungi and of porcine 
pepsin (a swine-prod uced 
enzyme). As with so many solu-
tions to so many problems, this 
one posed its own peculiar 
puzzles. 
It seemed that some of the 
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most effective nonrennet coagu-
lants gave the ultimately created 
cheddar cheese a bitter flavor. 
The prime question thus even-
tually centered around whether 
the coagulants did anything 
useful beyond their initial coagu-
lation of the milk. If they did, 
elimination of the off-flavor 
would have to be the subject of 
intensive research. If they didn t, 
the bitterness could be avoided 
by using just enough enzyme to 
coagulate the milk and assure 
minimal carry-over into the 
cheese. 
A team of USU scientists, 
led by C. A. Ernstrom, Professor 
of Nutrition and Food Sciences, 
has devised an acutely sensitive 
test that solves the cheesemaker's 
dilemma. Their easily reproduced 
analytical procedures (described 
in detail in the Journal of Dairy 
Science) accounted for all rennet 
or rennet substitutes added, 
respectively, to various batches 
tion estimates will also be pos-
sible, though with less preci-
sion. " 
Who knows? Perhaps imagina-
tive combinations of spy-in-the 
sky satellite data with USU com-
puter models will someday 
facilitate comparable estimates 
of the worldwide production of 
grains and forages. 
of milk after each batch was 
separated into curd (source of 
cheese) and whey. They were 
also able to measure the levels of 
the enzymes that persisted in the 
finished cheese. 
The enzymes that they 
tested appeared in the cheese in 
minimal (around 2 percent of 
original) quantities. Even the 
rennet level was only 6 percent 
of its initial amount. 
The scien tists concluded, 
therefore, that (beyond coagula-
tion) the milk-clotting enzymes 
are relatively unimportant to the 
cheese-making process compared 
to the microorganisms that are 
involved. That means that by 
using predetermined amounts of 
enzymes from prescreened 
microbial sources, cheesemakers 
can free their ancient art from 
reliance on increasingly scarce 
calf rennet. 
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Drought Update for the Week 
Ending June 3,1977 
E. Arlo Richardson 
The storms during late May 
were quite beneficial to the 
northern mountains - quite a 
change from the earlier situation 
which gave most of the moisture 
to the lower valley stations along 
the Wasatch Front. This moisture 
caused some runoff into streams 
and reservoirs, but the total 
accumulation was much less than 
the storm totals would suggest. 
Much of the moisture during the 
month of May fell below the 
dams and resulted in runoff into 
the lakes and increased soil 
moisture storage, but added little 
to the reservoirs. The major ad-
vantage of the stormy conditions 
during the month was to reduce 
the draw on reservoirs and under-
ground storage which allowed 
the water to be retained in 
storage instead of being used for 
irrigation. 
The storms which fell in the 
southeastern half of the state 
added only very limited amounts 
of moisture to .ranges and fields 
and virtually nothing to reservoir 
storage and stream flow. This 
section of the state continues to 
suffer extreme drought condi-
tions. The northwestern half has 
received a temporary respite 
until crops use up the soil 
moisture stored from the heavy 
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May rainfall. The impact on 
culinary water from these storms 
was limited to reduction of 
requirements for lawn and 
garden irrigation in most areas of 
the state and a consequent short 
delay irt the time the water 
shortage~ will become more 
acute. 
Many of our readers are in-
terested in the longer term 
effects of May's near-record 
precipitation. Late June and 
early July are normally the driest 
part of the year in the north-
western part of the state. The 
probability of receiving measur-
able amounts of moisture on any 
particular day are less than 10 
percent. As we move from the 
normal spring frontal activity 
into the summer thunderstorm 
period the moisture from the 
Gulf of Mexico and Lower 
California usually begins to move 
northward. Active thunderstorm 
activity begins during early June 
in the southeastern part of the 
state, gradually moving north-
ward and westward into the 
northwestern part of Utah by the 
second week in July This 
pattern then continues as 
sporadic thunderstorm activity 
until the first week in September 
when the upper level moisture 
flow from the Gulf of Mexico 
begins to withdraw with a second 
dry period developing during the 
middle of September. 
Thunderstorm activity is 
usually composed of a series of 
thunderstorm cells which may 
cover only a few square miles up 
to possibly 50 or 75 square miles 
with heavy but short duration 
precipitation. If these thundet-
storms develop on watersheds 
above some of our reservoirs we 
may receive additional reservoir 
storage. In general, however, the 
area of coverage of a given 
thunderstorm is small and the 
duration of the precipitation of 
short enough duration that there 
is time for little infiltration into 
the soil. Most of the moisture 
rushes off the drainage basin in 
the form of flash floods which 
do little to help the water situa-
tion. 
We do not want to seem pes-
simistic but the May moisture, 
while very beneficial in delaying 
the most serious impact of the 
impending drought, did not solve 
the situation. and many areas of 
the state should prepare for 
severe curbs on available irriga-
tion and culinary water during 
the latter part of the summer. 
E. Arlo Richardson is Utah State Depart-
ment of Agriculture Climatologist , Depart-
ment of Soil Science and Biometeorology, 
USU. 
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First - Know Y our Weed 
Lois M. Cox 
Ever since one of our farming 
forefathers invented the idea of 
good-guy crop plants versus bad-
guy weeds, the battle has been 
joined. Over the years, we've 
expanded our arsenal from hands 
and pointed sticks, to motorized 
cultivators and sophisticated 
chemicals. Through it all, the 
goal has been consisten t -
eliminate weeds. 
But what is a weed? Red 
poppies on a mountainside are 
admired as beautiful soil 
stabilizers. In a wheat field, they 
are scorned as weeds that un-
productively squander the soil's 
moisture and nutrients. And even 
under circumstances that allow 
an unequivocal definition of 
weed-control targets , the choice 
of effective procedures can be an 
iffy proposition. 
That's why the weed-oriented 
researchers at USU insist so 
fervently on precision - pre-
cision in defining and character-
izing target plants, in applying 
control methods , and in 
evaluating results. Led by John 
O. Evans and Louis A. Jensen, 
Associate Professors of Plant 
Science, the scientists have been 
seeking those objectives by com-
bining field tests of possible 
control methods with investiga-
tions of weed and crop plant 
physiology, long-term environ-
mental implications, and energy 
conservation/economic inter-
actions. 
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When the Obvious Fails 
Despite their years of exper-
ience in such work, however, the 
"pros" sometimes find them-
selves having to be reminded to 
beware of the obvious. The most 
recent case in point for USU's 
weed researchers centered 
around Utah Lake's adjacent 
farm lands. 
Farmers in the area had been 
complaining about herbicide 
failures. Their early-season 
applications of standardly used 
chemicals had been totally in-
effective in controlling redroots 
The scientists' test plots were 
as weedy as the farmers' fields 
and pigeon grasses. The obvious 
assumptions, of course, were that 
application rates were incorrect, 
or treatment timing was in error, 
or herbicides and weeds had been 
wrongly matched. 
To define the trouble pre-
cisely, the scientists designed and 
completed supermeticulous in-
the-field tests. The results, how-
ever, produced puzzled frustra-
tion instead of clarification. The 
scientists' test plots were as 
weedy as the farmers' fields. 
Reluctantly abandoning the 
obvious, the researchers began 
checking for less mundane cul-
prits. Eventually they discovered 
that the organic matter in the 
Utah Lake soils had an unusual 
character. Its apparent marine 
origin seemed to give it the 
ability to inactivate the standard 
herbicides before they could in-
activate the germinating weeds. 
This year, the researchers will 
be testing possible ways of 
evading interference from the 
organic matter. But their evalua-
tions of their results will have to 
be tempered by allowances for 
variations introduced by the 
year's droughty weather pattern. 
Eradication - A Rare Event 
Also in 1976, an entirely dif-
ferent project re-alerted the weed 
research group to another easily 
forgotten truism. According to 
Dr. Evans, "Even those of us 
who should know better, 
occasionally get to thinking in 
terms of eradicating rather than 
controlling weeds. In reality," he 
went on, "eradication is an ex-
ceedingly elusive goal, which 
may be an advantage." The 
problem seems to be that total 
elimination of any plant from a 
given area might have unpredict-
able and ultimately undesirable 
effects. 
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Bindweed, quackgrass, and 
dodder are among the especially 
obstinate weeds being investi-
gated at USU 
Nevertheless, the USU re-
searchers now seem to have a 
unique chance to eradicate a 
nonnative plant that is plaguing 
some northern Utah fields. The 
project is directed by James H. 
Thomas, Associate Professor of 
Plant Science. Originally 
introduced to the area in 1891 as 
a possible forage, goatsrue turned 
out to be both unpalatable and 
poisonous. It now infests about 
60 square miles, reaching from 
the USU campus to just beyond 
Richmond. But even though its 
range is easily defined and can be 
controlled by either cultivation 
or chemicals, goatsrue is far from 
eradication. 
A year of intensive work that 
took full advantage of the 
cooperation of most of the land-
owners involved managed to 
clean up only about one-quarter 
of the acreage. And that quarter, 
of course, will require followup 
efforts for at least 3 to 5 years -
while clipping and spraying are 
begun on the remaining lands. 
But with goatsrue, eridication is 
a possibility. In contrast, most 
weeds are susceptible (at best) 
only to some degree of control. 
Control: A Better Probability 
Bindweed (often erroneously 
called morning glory), quackgrass 
(often mistaken for Johnson-
grass), and dodder are among the 
especially obstinate weeds being 
investigated at USU. 
One herbicide, glyphosate, 
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Photo by John O. Evans 
Figure 1. Goatsrue flourishes in pastures when subjected to neither cultivation 
nor chemical treatment. 
Photo by John O. Evans 
Figure 2. Fortunately, goatsrue is highly susceptible to 2,4-D and dicamba. 
which is now readily available in 
retail stores (under trade name 
Roundup), may be the downfall 
of both bindweed and quack-
grass, plus an incredible number 
of other unpopular plants. 
Applications to bindweed should 
be made in the fall, when the 
plants are busily transferring 
food to their root systems. Tests 
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Photo by John O. Evans 
Figure 3. Untreated quackgrass wantonly robs spring-planted grains such as 
com of both moisture and nutrients. 
Photo by John O. Evans 
Figure 4. By delaying planting until glyphosate can be applied to 8- to lO-inch 
high quackgrass, the subsequent production of grain may be more 
than doubled. 
have shown that when tillage 
precedes the glyphosate treat-
ment, the bindweed kill rate can 
be 90 percent or more. 
Results using glyphosate 
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against quackgrass in spring-
planted, irrigated small grains 
have been spectacular. Fields in 
Coalville, Heber, Hyrum, North 
Logan and Smithfield were 
brought from a pretreatment 
production range of 0 to 30 
bu./ A to a range of 79 to 106 
bu./ A. The "secret" lies in having 
patience - the patience to delay 
grain planting for 2 to 3 weeks 
beyond the normal date. During 
those weeks the q uackgrass 
grows to a height of 8 to 10 
inches and is sprayed. Planting 
can begin 7 days after spray-
ing, when the quackgrass is dead 
or dying. Further evaluations of 
the chemical (plus various tillage 
procedures) are in progress in 
both small grains and alfalfa. 
Testing of a chemical called 
HERC 26905, begun two years 
ago, is also entering a final stage. 
If it fulfills its promise, HERC 
26905 could be a prime con-
tender for a "pot-o-gold" title -
at least among alfalfa seed 
growers. HERC's claim to fame 
hinges on its ability to detach 
dodder from alfalfa and selec-
tively destroy the dodder. 
Other in-progress weed re-
search by the Evans-led group 
includes definition of long-term 
effects of Simazine, and com-
parisons of the effectiveness of 
soil-injected or layered herbicides 
with that of those applied by 
conventional methods in sugar 
beets and corn. 
Whatever the specific research, 
however, the final stage demands 
translation of its results to in-the-
field usage by farmers, ranchers, 
and home gardeners. As Dr. 
Evans puts it, "That's when 
precision is most crucial, and 
most often neglected. Satisfac-
tory weed control is plainly 
impossible to achieve unless the 
proper method is applied at the 
right time and in a proven-
effective way to susceptible 
weeds." 
Lois M. Cox is Science Writer, Agricultural 
Experiment Station, USU. 
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Balancing Production and Consumption: 
Agriculture's Elusive Goal 
J'Wayne McArthur 
How much of Utah's food 
supply is imported? Do food 
consumption patterns in Utah 
resemble those of the nation? 
Answers to such questions can 
sometimes help both producers 
and consumers make more 
rational decisions. A survey of 
available data (through 
1975-1976) looking for such 
answers gave some unexpected 
results. 
Utah '8 Import/Export Picture 
As an example, in 1975 
Utah citizens used an estimated 
220.4 million pounds of red 
meat on a carcas weight basis 
(Table 1). This amounts to 158.1 
pounds per capita on a retail 
weight basis. In contrast, the 
state's production of red meat 
(animals slaughtered and con-
sumed) equaled 195.2 million 
pounds (carcass weight) in 1975. 
Some out-of-state animals were 
slaughtered in Utah, so total red 
meat slaughter in Utah amounted 
to 196.5 million pounds (carcass 
weight). Nevertheless, produc-
tion was obviously lagging 
behind consumption. 
Utah citizens consumed an 
estimated 60 million pounds of 
poultry (on a retail weight basis). 
Utah production amounted to 
62.4 million pounds dressed 
62 
weight, which would be reduced 
when converted to the many 
types of canned and packaged 
poultry available. 
The per capita consumption 
of eggs in Utah was 35.3 pounds 
in 1975. Total Utah consump-
tion amounted to 43 million 
pounds. Utah farmers produced 
39.9 million pounds. If the de-
clining trend of egg consumption 
continues, production may even-
tually achieve a balance. 
In a rare exception to the 
rule, Utah production of dairy 
products exceeded in-state con-
sumption. On a whole-milk basis, 
total 1975 Utah consumption 
was 694.6 million pounds. There 
were 919 million pounds of 
whole milk produced in Utah 
that year. Much of the milk 
prod uced is converted into 
cheese, butter, and ice cream. 
These are the primary export 
items. 
When the meat and the 
dairy products are translated into 
dollars, however, the value of 
production does not exceed the 
cost of consumption. Even 
though Utah farmers produced a 
surplus of total animal products 
in terms of pounds, dollars had 
to go out of the state to satisfy 
consumer demands for the high-
value red meat food group. 
Statistics were not available 
on fats and oils produced in 
Utah, but it seems safe to pre-
sume that Utah was a large 
importer of tbi commodity. 
Utah farmers produced less 
than half the fruit consumed in 
the state. Similarly, of the 23.8 
million pounds of melons con-
sumed in Utah in 1975 it is 
doubtful whether more than 
one-fourth were produced in the 
state. 
Less than 35 percent of the 
vegetables consumed in Utah 
were produced here in 1975. A 
major portion of the 89.5 million 
tons of vegetable grown were 
processed within the state, how-
ever. 
Potatoes wa one of two 
Utah crops whose production 
exceeded in-state consumption. 
The surplus was 22.3 million 
pounds in 1975. 
Wheat was the other crop 
produced in surplus by Utah 
farmers. Of the 268.3 million 
pounds produced, 37 percent 
was surplus. 
About 33 percent of the 
sugar consumed in Utah in 1975 
Utah Science 
was produced from 
grown in the state. 
In summary, Utah 
produced less than two third 
all food crops consumed wi 
the state in 1975. The ex 
production of wheat and p< 
toes had a lower dollar value 
pound than did the foods t 
were imported. Thus, mone 
the state to satisfy cons 
food needs. 
Economists' projections 
Utah call for an increasing po 
lation coupled to a declini 
food crop production as goo 
TABLE 1. Per Capita and Utah Total Consumption of Animal and Crop Products Compared to Utah Production in 1975 
Per Capita Consumption 
Pounds 1 
Index 1975 
1967=100 
Meat 158.1 101.0 
Poultry 49.3 106.5 
Fish 15.1 110.7 
Eggs 35.3 85.9 
Dairy Products 345.0 99.5 
Fats & Oils 56.4 106.1 
Fruits: Fresh 79.4 101.7 
Processed 56.6 111.6 
Melons 19.6 87.5 
Baby Food 6.0 105.3 
Vegetables: Fresh 142.8 99.8 
Canned 53.4 109.2 
Frozen 9.8 103.9 
Potatoes & Sweet 105.6 116.4 
Beans, Peas, Nuts 18.0 104.8 
Flour & Cereal 139.0 96.7 
Sugar & Sweeteners 114.5 98 .5 
Coffee , Tea, Cocoa 12.4 97.4 
All Foods 
Animal Products 608.0 99.9 
Crop Products 812.0 103.0 
Total 1420.0 101.3 
1 Retail weight equivalent Agricultural Statistics 1976 page 561. 
21975 Utah Population 1,216,840 as reported in Research report. 
3Carcass weight equivalent. 
4Whole milk equivalent. 
5Farm production weights. 
6Converted to a milled flour weight. 
June 1977 
Utah Total Utah Total 
Consumption 2 Production 5 
Million Pounds Million Pounds 
220.4 3 195.2 3 
60.0 62.4 
18.4 0 
43.0 
694.64 
39.9 
919 .04 
68.6 N/A 
96.6 87.8 
68.9 
23.8 N/A 
7.3 N/A 
173.8 89.5 
65.0 
11.9 
128.5 150.8 
21.9 6.3 
169.1 268.3 6 
139.3 45.6 
15.1 0 
1105 .0 1216.5 
988.1 648.3 
2093.1 1864.8 
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White - faced Ibis Snowy Egrets 
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